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I. INTRODUCTION 



The baryons containing a heavy quark have been at the focus of much theoretical attention, especially since the 
development of the heavy quark effective theory (HQET) and its application to the spectroscopy of these baryons. 
The heavy quark provides a window that permits us to see further under the skin of the non-perturbative QCD 
as compared the light baryons. These states are expected to be narrow, so that their isolation and detection are 
relatively easy. Recently, experimental studies on the spectroscopy of these baryons have been accelerated and new 
heavy baryons have been discovered [H, H, d, 0, [H, H, 0, [||. The E;, channels are expected to be very rich, so it 
will be possible to check its semileptoic decays like its decay to the nucleon at LHC in the near future. There are 
many works in literature which are devoted to the investigation of the mass and magnetic moments of the heavy 
baryons u sing different a ppr oaches. The masses of these baryons have been discussed within QCD sum rules in 
U m d [H HI Hi, III 111 113 heav Z 9u ark effective theory (HQET) in [H, HI H M, M, 11 and using 
different quark models in 25, 261 l27l l28l. 129. l30l. l3ll. l32l |33| . The magnetic dipole moment of heavy spin 1/2 and 3/2 
baryons as well as the transition magnetic dipole and electric quadrupole moments of heavy spin 3/2 to heavy spin 
1/2 baryons have been calculated in the framework of different approaches ( see for example [341 13a] and references 
therein) . However, the semileptonic and nonleptonic decays of the heavy baryons have not been extensively discussed 
in the literature comparing their mass and electromagnetic properties. Transition form factors of the A;, — > A c and 
A c — > A decays have been studied in three points QCD sum rules in [36[ , and then used in the study of the semileptonic 
decays. The Ab — > plv transition has also been investigated using three point QCD sum rules within the framework of 
heavy quark effective theory (HQET) in [37| and using SU(3) symmetry and HQET in [38[ . Hyperfine mixing and the 
semileptonic decays of double- heavy baryons in a quark model (39j . strong decays of heavy baryons in Bethe-Salpeter 
formalism [40| . strong decays of charmed baryons in heavy hadron Chiral perturbation theor y l4ll a nd semileptonic 
decays of some heavy baryons containing single heavy quark in different quark models 4^, 43[~ 44 1 are some other 
works related to the heavy baryon decays. 

In the present work, we calculate the form factors related to the semileptonic decay of the Eb — > Nlv transition 
in the framework of the light cone QCD sum rules using the nucleon distribution amplitudes. Here, N refers to two 
members of the octet baryons, namely neutron and proton. The parameters appearing in the nucleon distribution 
amplitudes have been calculated using various methods. In this work, for the values of these parameters, we use the 
results of QCD sum rules approach [4|| and also the results which are recently obtained from lattice QCD (46l. |47|. |48| . 
Analyzing of such transitions can give essential information about the internal structure of the Eb baryon as well as 
accurate calculation of the nucleon wave functions. Since the spin of the heavy baryon carries information on the 
spin of the heavy quark, the study of such transitions might also lead us to study the spin effects in the heavy quark 
sector of the standard model. 

The outline of the paper is as follows: in section II, using the nucleon distribution amplitudes and the most general 
form of the interpolating currents for the Eb baryon, we calculate the form factors entering to the semileptonic decay 
of the heavy Eb baryon to nucleon in the framework of the light cone QCD sum rules. The heavy quark limit of 
the form factors and the relations between the form factors in this limit is also discussed in this section. Section III 
encompasses numerical analysis of the form factors, our predictions for the decay rate obtained in two different ways: 
first, using the DA's obtained from QCD sum rules and second, the DA's calculated in lattice QCD , and discussion. 



II. LIGHT CONE QCD SUM RULES FOR THE E 6 -> N FORM FACTORS 

This section is devoted to the calculation of form factors relevant for the E" — + p and E^ - — > n transitions using the 
light cone QCD sum rules approach. At quark level, these transitions are governed by the tree level b — ► u transition. 
Considering the SU(2) symmetry, the form factors of these two transitions are the same, so we will use the notation 
N instead of neutron and proton. The quark level transition is described by the effective Hamiltonian given by 

H eff = -^V ub u^(l - TsJWy (1 - 76)f. (1) 

Hence, to study Eb — > Nlv decay, one needs the matrix element (N\u~f^(l~ 7 5 )6|Eb). To calculate this matrix element, 
following the general philosophy of QCD sum rules, we start by considering the correlation function, 

n„(p,g) = i J d 4 xe^(N(p) | T{J^(x)J E >(0)} I 0), (2) 

where, J Eb is interpolating currents of Eb baryon, J^ r = uj^(l — 75)6 is transition current and (N(p) | presents the 
proton sate, p denotes the proton momentum and q = (p + q) — p is the transferred momentum. To calculate the 
form factors, the following three steps will be applied: 
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• The correlation function is calculated by saturating it with a tower of hadrons having the same quantum number 
as the interpolating current, J Sb called the phenomenological or physical side. 

• The correlation function is calculated in QCD or theoretical side via operator product expansion (OPE), where 
the short and long distance quark-gluon interactions are separated. The former is calculated using QCD per- 
turbation theory, whereas the latter are parameterized in terms of the light-cone distribution amplitudes of the 
nucleon. 

• The sum rules for form factors are calculated equating the two representation of the correlation function men- 
tioned above and applying Borel transformation to suppress the contribution of the higher states and continuum. 

To calculate the physical side, a complete set of hadronic state is inserted to the correlation function. After 
performing integral over x, we obtain 



n M (p, q) 



(N(p) | Jj(x) | E fc (p + g, S ))(E b (p + g, S ) | JS»(Q) | 0) 



m l b - Cp + qf 



(3) 



where, the ... represents the contribution of the higher states and continuum. The matrix element (Ef,(p + q,s) 
J Eb (0) | 0) in (J3J) can be written as: 



(E 6 (p + q,s) | P b (0) | 0) = A Sb S S6 (p + q,s), 



(4) 



where As 6 is residue of Ef, baryon. The transition matrix element, (N(p) | | Ef,(p + <7, s)) is parameterized in terms 
of the form factors and gi as 



(N(p) | j£(x) | E b (p + q)) = N(p) [ 7a Ji(Q 2 ) + iv^MQ 2 ) + q»h(Q 2 ) + 7^75.91 (Q 2 ) + ^,75<f <? 2 (Q 2 ) 



q^gsiQ 2 ) 



(5) 



where Q 2 = —q 2 , and /j, and gi, are the form factors and N(p) and u^ b {p + q) are the spinors of nucleon and Ef,, 
respectively. Using Eqs. ([3]), ([U and ,([5]) and summing over spins of the Ef, baryon using 



^2 Ms " ( p + q > s ) us " (p + q> s ) =?>+ $ + m ^b i 



(6) 



we obtain the following expression 



n^p,?) 



m l b - (p + q) 2 

^7533 (Q 2 ) 



N(p) [ 7m /i(Q 2 ) + io» v q v h{Q 2 + q»h(Q 2 ) + 1^9i{Q 2 ) + ™^q v Qi{Q 2 ) 



Using 

Na^ v q v u^ = N[(m N + mzJ'Yn - ( 2 P + q)^} u s b , 
in Eq. ([7} , the final expression for the physical side of the correlation function is obtained as 

As,, 



R\(p,q) = 



- (p + q) : 



;N(p) 



(7) 



(8) 



2/i(Q 2 )Pm + I - h(Q 2 )(^N - m s J + f 2 (Q 2 )(m 2 N - m|)| 7|t 
+ |/i(Q 2 ) - f2{Q 2 )(m N + m s j| 7/1 ^+ 2/ 2 (Q 2 )p M ^+ j/ 2 (Q 2 ) + / 3 (Q 2 )} (mjy + m s J^ 
+ (/2(Q 2 )+/ 3 (g 2 )j^ ^-2. 9 i(g 2 K75 + (.9i(Q 2 )(™ J v+™sJ - . 92 (Q 2 ) (^-7^^)17^75 - 



.9i (Q )~9i(Q )( m N - m Sb ) \ 7p ^75 - 2^2 (<2 )p p #75 - S 52 (Q ) + ff3(Q ) f (m N - m E J<3yy 5 



32(Q 2 )+.93(Q 2 )U/x ^75 



+ ■ 



(9) 
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Among many structures appearing in Eq. ([7]), we chose the independent structures p^, p^fa, q^A, JV75, PnAla, and 
<l[i4l5 to evaluate the form factors /i, f 2 , g\, g 2 and #3, respectively. 

On QCD side, to calculate the correlation function in deep Euclidean region where (p + q) 2 <§C 0, we need to know 
the explicit expression for the interpolating current of the baryon. It is chosen as 



J^ b (x) 



~abc 



u Ta (x)Cb"{x) \ lb d c {x) - I b l a (x)Cd"(x) } lb u c {x) 



■To, 1 



+13 {u Ta (x)C l5 b\x)}d c {x) - {b Ta {x)C^d\x)}u c {x) 



(10) 



where a, 6, c are the color indices and C is the charge conjugation operator and (3 is an arbitrary parameter with 
(3 = — 1 corresponding to the Ioffe current. Using the transition current, J^ r = ^7^(1 — 75)6 and J Sb and contracting 
out all quark pairs applying the Wick's theorem, we obtain 



lb, = -^e abc / d A xe lqx 



V2 



(C%a (75)70 - (C)a0(75) 7 »? + /3 



(C75)r,A(/) 7 



(1 + 75)7/, s Q (- x ) x „(N(p)\u;(a)4(x)di(o)\o), 

J (70 

where, Sq(x) is the heavy quark propagator which is represented as [49j : 



(ii) 



S Q {x) = S S n ee {x) - ig s 



d A k 



-ikx 



dv 



ft + rriQ 
(m 2 Q - k 2 )' 



■G^(vx)a^ 



-vx^G^'it, 



(12) 



where 



S, 



free m Q Kl {m Q V=^) m Q # 

Q ~ 47r 2 / 9 S_2™2 iV2 V m Q V X h 



sf 



4ir 2 x 2 ' 



(13) 



and Ki are the Bessel functions. The terms proportional to the gluon strength tensor can give contribution to four 
and five particle distribution functions but they are expected to be small [5(J [EH, [EH and for this reason, we will 
neglect these amplitudes in further analysis. 

For the calculation of n«in Eq. ([11]), the matrix element (N(p) | e^uf^u^d^Q) | 0) is required. The nucleon 
wave function is given as [4^, \EQ, [HTk [E2> HH : 

A(0\^ abc <(aix)u b 3 (a 2 x)d c 1 (a 3 x)\N(p)) 
= Sim N C a p{^N) 1 + S 2 rn 2 N C a p{^ 5 N) 1 

,2 



1 ? 

X TTL 

+ VimN^C)^ + V 2 m z N { lb C) a ^N) 1 + (Vi + ^ J ^V 1 M )(^)^( 75 iV) 7 



+ V 2 m N (^C) a0 {^roN) 7 + V 3 m JV (7M C ')a/3 (7^75^)7 + Vim 2 N {^C) a p (75AO7 
+ V 5 TO^(7A I C) Q /3(jcr'" y a; 1 ,75iV) 7 + V e m 3 N ^C) a 0(^ 5 N)^ + (A% 

2 2 

+ ^i-^Uf )(^75C) Q/3 iV7 +A 2 m N {pj 5 C) aP {^N) 7 + A 3 m N (^ 5 C) aP (^N)^ 
+ Mm 2 N (^-y 5 C) a 0N^ + A 5 rn 2 N (w 5 C) al 3(ia fl ' / x 1/ N) 1 + Aem^^C)^^^ 



' JV T 1 M )(p^a Al , y C)^( 7 ^75^V)7 + %rn N (x^p^a^C) a ^ 5 N), 



+ %m N (a^C)ai3{a^ l '^ b N) 1 + T±m N (p' / a tJ , u C) a f3(a fJ - p x p "f 5 N) 1 
+ T 5 m 2 N (x 1/ ia fil/ C) af 3(Y^ 5 N) 1 + T 6 m 2 N (x^p"ia filJ C) a / 3 {yk~/ 5 N) 7 
+ r 7 TO^(a A1I ,C , ) Q/3 K^75^) 7 +T 8 m^(xV^C , ) Q/ 3(cr w x P 75^) 7 , 



(14) 
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Si = Si 
2pxS 2 = Si-S 2 



TABLE I: Relations between the calligraphic functions and proton scalar DA's. 



Vi=Pi 
2pxV 2 = Pi-P 2 



TABLE II: Relations between the calligraphic functions and proton pseudo-scalar DA's. 



where, the calligraphic functions, which are functions of the scalar product px and the parameters aj, i = 1,2,3, 
can be expressed in terms of the nucleon distribution amplitudes (DA's) with the increasing twist. The distribution 
amplitudes with different twist are given explicitly in Tables HI [Til Hill IIVI and [V] 
One can expresses the distribution amplitudes F{a,ipx)— Si, Pi, Vi, Ai, Ti as: 

F(a lP x) = J dx 1 dx 2 dx 3 6(x 1 + x 2 + x 3 - l)e~ lpx ^ x ^ F{ Xi ) . (15) 

Here Xi with i = 1, 2, 3 corresponds to the longitudinal momentum fractions carried by the quarks. 

Using the expressions for the heavy quark propagator and nucleon distribution amplitudes and performing integral 
over x the expression for the correlation function in QCD or theoretical side is obtained. Equating the corresponding 
structures from both representations of the correlation function and applying Borel transformation with respect to 
(p + q) 2 to suppress the contribution of the higher states and continuum, one can obtain sum rules for the form factors 
/ij i2, f3, 51) 92 and g 3 . Finally, to subtract the contribution of the higher states and the continuum, quark-hadron 
duality is assumed. 

In heavy quark effective theory (HQET), the heavy quark symmetry reduces the number of independent form 
factors to two namely, Fx and F 2 [5J, l55(, i-e., 

(N(p) | uTb | Z b (p + q)) = N(p)[F 1 {Q 2 )+ jiF 2 (Q 2 )}Tu^(p + q), 

(16) 

where, T is any Dirac structure and ^ = Comparison between Eq. (|16[) with the general definition of the form 

factors in Eq. §5§ leads to the following relations among the form factors in HQET limit [56|, [5?| 

9i =fi = Fi + — F 2 
F 2 

92 = h = 93 =h = (17) 

Our calculations show that the deviation from the relations g\ = fx and g 2 — f 2 = g 3 = / 3 are negligible in the case of 
HQET limit. However, when we consider finite mass, the violation is (10 — 20)°/o for Q 2 > and turns out to be large 
for Q 2 < values. The explicit expressions for the form factors are very lengthy, so considering the above relations, 
we will present only the expressions for f\ and f 2 in the Appendix-A. However, we will give the extrapolation of all 
form factors in finite mass in terms of Q 2 in the numerical analysis section. 

From the explicit expressions of the form factors, it is clear that we need to know the expression for the residue of 
the Et, baryon. The residue Ae 6 is determined from sum rule and its expression is given in [58| as: 

-A|,e- m V M2 = [ S ° e^p( s )ds + e^T, (18) 



with 



_ (B 2 - 1) ( m 2 

p(s) = (<dd> + <uu >) Un2 i 4^-( 6 ^oo ~ 13 ^02 ~ 6V>n) + 3m 6 (2^ 10 - ip lx - ip 12 + 2tp 21 ) 

4 

1 ™ b [5 + /3(2 + 5/3)][12^i - 6^20 + 2^30-4^41+^42-12?^^)], 



2048tt 4 



(19) 
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Vi = 


Vi 


2pxV 2 = Vi 


-V2-V3 


2V 3 = 


= v 3 


4pxV4 = -2Vi 4 


- V3 + Vi + 2V 5 


4pxVa = 


V4-V3 


4(px) 2 V 6 = -Vi + V 2 


+ V 3 + V i + Vs-Vg 



TABLE III: Relations between the calligraphic functions and proton vector DA's. 



Ai = M 

2pxA 2 = -Aj + A 2 - A 3 

2A 3 = A3 

ApxAt, = -2A X - A3 - A 4 + 2A 5 

ApxAs = A3 - Aa 

4(pa:) 2 A = Ai - A 2 + A3 + A 4 - As + A 6 



TABLE IV: Relations between the calligraphic functions and proton axial vector DA's. 



r = 



(l-i) 2 

24 



< dd >< uu > 



2M 4 AM 2 



(20) 



where, sq is continuum threshold, 
functions. 



M 2 is the Borel mass parameter and ip n 



are some dimensionless 



III. NUMERICAL RESULTS 



This section is devoted to the numerical analysis for the form factors and total decay rate for — ► Nlv transition. 
Some input parameters used in the analysis of the sum rules for the form factors are {uu){l GeV) — (dd)(l GeV) = 
-(0.243) 3 GeV 3 , m N = 0.938 GeV, m b = 4.7 GeV, m Sb = 5.805 GeV, and mg(l GeV) = (0.8 ±0.2) GeV 2 [59]. The 
nucleon DA's are the main input parameters, whose explicit expressions can be found in [45| . These DA's contain 
8 independent parameters /at, Ai, A2, Vf, A", ff, /" and f$- These parameters have been calculated also in [45 1 
within the light cone QCD sum rules. Recently, most of these parameters have been calculated in the framework of 
the lattice QCD [46|, |43, We will use these two sets of data from QCD sum rules and lattice QCD and for each 
parameter which have not been calculated in lattice, we will use the values from QCD sum rules prediction. These 
parameters are given in Table IVII 

The sum rules for form factors also contain 3 auxiliary parameters namely, continuum threshold sq, Borel mass 
parameter M 2 and general parameter (3 entering to the general current of the baryon. These are not physical 
quantities, hence the form factors should be independent of them. Therefore, we look for working regions such that 
in these regions our results are practically independent of these mathematical objects. The continuum threshold, 
so is not completely arbitrary and it is related to the energy of the exited states. Our numerical analysis for form 
factors show that the results are weakly depend on s in the interval, (mj, + 0.5) 2 < s < {m-£ b + 0.7) 2 . In order to 
obtain the working region for (3, we plot the form factors with respect to cosQ in the interval — 1 < cos9 < 1 which is 
corresponds to —00 < /3 < 00, where j3 — tanO and look for a region at which the dependency is weak. The common 
working region for (3 is obtained to be —0.5 < cosO < 0.6. The Ioffe current which corresponds to cosQ = —0.71 is 
out of this region. The similar results have been obtained in [35| . The lower limit on Borel mass squared, M 2 is 
determined from condition that the contribution of higher states and continuum to the correlation function should 
be enough small, i.e., the contribution of the highest term with power 1/M 2 is less than, say, 20-25% of the highest 
power of M 2 . The upper limit of this parameter is acquired from the condition that series of the light cone expansion 
with increasing twist should be convergent. Generally, this means that the higher states, higher twists and continuum 
contributions to the correlation function should be less than 40-50% of the total value. Our numerical analysis show 
that both conditions are satisfied in the region 15 GeV 2 < Af| < 30 GeV 2 , which we will use in numerical analysis. 
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Ti =Ti 




2pa;T2 = Ti + T 2 


-2T 3 


2T 3 = T 7 




2piT4 = Ti - T 2 


- 2T 7 




2pzT 5 = -Ti + r s 


+ 2T 8 


<±(px) 2 % = 


= 2T 2 - 2T 3 - 2T 4 - 


|- 2T 5 + 2T 7 + 2T 8 




4pi77 = T7 — 


T 8 


4(pz) 2 T 8 


= -Ti + T 2 + T 5 - 


- T 6 + 2T 7 + 2T 8 



TABLE V: Relations between the calligraphic functions and proton tensor DA's. 





QCD sum rules [45] 


Lattice QCD [46, 47, 48] 


fN 


(5.0 ±0.5) x HT 3 GeV 2 


(3.234 ±0.063 ±0.086) x 10~ 3 GeV 2 


Ai 


-(2.7 ±0.9) x 10~ 2 GeV 2 


(-3.557 ±0.065 ±0.136) x 10~ 2 GeV 2 


A 2 


(5.4 ± 1.9) x 10" 2 GeV 2 


(7.002 ±0.128 ±0.268) x 10~ 2 GeV 2 


V? 


0.23 ±0.03 


0.3015 ± 0.0032 ±0.0106 


AI 


0.38 ±0.15 


0.1013 ± 0.0081 ±0.0298 


ft 


0.40 ± 0.05 




ru 
Jl 


0.07 ±0.05 




fi 


0.22 ±0.05 





TABLE VI: The values of independent parameters entering to the nucleon DA's. The first errors in lattice values are statistical 
and the second errors represent the uncertainty due to the chiral extrapolation and renormalization. 



Considering the above requirements, we obtained that the form factors obey the following extrapolations in terms of 

htf)[9^)] = — Vt+tt-V^' ( 21 ) 

v " l /,t ; 1 m jit ' 

The values of the parameters a, b and m,fu are given in Tables Ivnl and [Villi related to the QCD sum rules and 
lattice QCD input parameters, respectively. These parameterizations show that increasing in the value of q 2 leads to 
increasing in the absolute value of the form factors and they have no pole inside the physical region. The values of 
mfu presents the pole outside the allowed region of q 2 and related to this and accordance to mesons, one can calculate 
the coupling constant <7E b E*JV, where, can be considered as the exited state of Ef, baryon. For detailed analysis 
in this respect see [13, [HI ^|. Note that, as we work near the light cone, x 2 ~ 0, from the considered correlation 
function it is clear that our predictions at low q 2 are not reliable and we need the above parameterization to extend 
the results to full physical region. As an example, to show how the actual sum rules results, and the parameterization 
fit to each other, we present the dependency of f% (both actual sum rule result and fit parameterization) on q 2 for 
QCD sum rules input parameters and at fixed values of auxiliary parameters in Fig. [TJ 

The values of form factors at q 2 = is also obtained as presented in Table IIXI Our next task is to calculate the 
total decay rate of Eb — ► piv transition in the whole physical region, i.e., mf < q 2 < (n%s b — tojv) 2 - The decay width 
for such transition is given by the following expression [H, [(54[ 

A 2 

T(E b - Pl n ) = ^ \V hu \ 2 f dq 2 (1 - m 2 /q 2 ) 2 \J (E 2 — q 2 )(A 2 — q 2 ) N(q 2 ) (22) 
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-1 



■1.5 



-2, 







— Sum Rule Result 
-- Fit Function 



5 10 

q 2 (GeV 2 ) 
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FIG. 1: The dependency of /2 (both actual sum rule result and fit parameterization) on q 2 for QCD sum rules input parameters 
at M 2 = 25 GeV 2 , s = 6.3 2 GeV 2 and (3 = 5. 





a 


b 


m fit 


h 


0.13 


0.005 


4.92 


h 


0.03 


-0.10 


5.40 


h 


-0.09 


-0.02 


4.92 


9i 


0.20 


-0.05 


5.56 


92 


-0.02 


0.015 


5.96 


93 


-0.02 


-0.009 


5.65 



where 



TABLE VII: Parameters appearing in the fit function for QCD sum rules set of data. 



N(q 2 ) = F 2 (q 2 )(A 2 (4q 2 -m 2 ) + 2X 2 A 2 (l + 2m 2 /q 2 )-(V 2 + 2q 2 )(2q 2 +m 2 )) 

+ F 2 V)(A 2 - g 2 )(2£ 2 + q 2 )(2q 2 + to 2 )/to 2 6 + ZF 2 {q 2 )m 2 ^ 2 - q 2 )q 2 /ml b 

+ 6F 1 ( <Z 2 )F 2 (( Z 2 )(A 2 - q 2 ){2q 2 + m 2 )S/m Sb - 6^(g 2 )^ 3 (q 2 )m 2 (E 2 - g 2 )A/m Sb 

+ G 2 (q 2 )(S 2 (4q 2 - to 2 ) + 2£ 2 A 2 (1 + 2mf/q 2 ) - (A 2 + 2q 2 )(2q 2 + to 2 )) 

+ G 2 (g 2 )(E 2 - g 2 )(2A 2 + q 2 )(2q 2 + m 2 )/m 2 + 3G 2 (, 2 )to 2 (A 2 - ,V/to 2 



6G 1 (( 7 2 )G 2 ( (Z 2 )(E 2 - q 2 ){2q 2 + to 2 )A/to S6 + 6G 1 (g 2 )G 3 (g 2 )m 2 (A 2 - q 2 )E/m^ b 



(23) 



Where F 1 (q 2 ) = h{q 2 ), F 2 {q 2 ) = TO E J 2 (q 2 ), F 3 (q 2 ) = m^f 3 (q 2 ), G 1 {q 2 )_= 9l (q% G 2 {q 2 ) - TO Sb .g 2 (q 2 ), G 3 (q 2 ) = 
ms b g 3 (q 2 ), S = m^ b + m p and A = TO£ b — m p . Gf = 1.17 x 10 5 GeV 2 is the Fermi coupling constant, and mi 
is the leptonic (electron, muon or tau) mass. For the corresponding CKM matrix element V U b = (4.31 ± 0.30) 10 -3 
is used (65|- Our final results for total decay rates are given in Table 1X1 From this Table, we see that the obtained 
results for the decay rates are in the same order of magnitudes for two sets of input parameters. The central values 
of the decay rate for e and /i obtained using the lattice QCD input parameters are about 2 times greater than 
that of the QCD sum rules input parameters while, for r case the result obtained by sum rules input parameters is 
about 1.5 time larger than the prediction acquired using the lattice input parameters. However, when we consider 
the uncertainties, results obtained using both sets of input parameters coincide for all leptons. Here, we should 
stress that as we mentioned before, the — > plv decay has been studied in three point QCD sum rules and HQET 
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a 


b 


rrifit 


h 


0.19 


0.004 


4.88 


h 


0.038 


- 0.067 


5.38 


h 


-0.06 


-0.015 


4.93 


.91 


0.25 


-0.064 


4.97 


92 


-0.03 


-0.002 


5.97 


93 


-0.028 


-0.009 


5.95 



TABLE VIII: Parameters appearing in the fit function for lattice QCD set of data. 





For QCD sum rules input parameters 


For lattice QCD input parameters 


/i(0) 


0.14 ±0.05 


0.19 ±0.06 


MQ) 


-0.08 ± 0.03 


-0.029 ±0.010 


/s(0) 


-0.11 ± 0.04 


-0.076 ± 0.028 


9i (0) 


0.15 ±0.05 


0.18 ±0.06 


S2(0) 


-0.036 ±0.012 


-0.033 ±0.011 


53(0) 


-0.032 ±0.011 


-0.037 ± 0.012 



TABLE IX: The value of the form factors at q 2 = 



in [37j and using SU(3) symmetry and HQET in (38|. Their predictions on the decay rate of the A;, — > plD are, 
1.35 x 10 _11 |I4f,| 2 GeV and 6.48 x 10 12 |I4b| 2 s" 1 , respectively. In order to have a sense of the order of decay rates, we 
compare our average results presented in Table Ixl with those predictions. Considering all results in the same unit, we 
see that our average result is in the same order of magnitude with that of [37| , but one order of magnitude is greater 
than the [38| prediction. For exact comparison the initial particles should be the same. 

In conclusion, using the most general form of the interpolating currents of the heavy spin 1/2, Ef, baryon and 
distribution amplitudes of the nucleon, the transition form factors of the semileptonic E^ — > Nlv were calculated 
in the framework of the light cone QCD sum rules. Ignoring the negligible deviation, the form factors satisfied the 
HQET relations among the form factors. The obtained results for the related form factors were used to estimate the 
decay rate of this transition for two different sets of independent parameters entering to expressions for the nucleon 
distribution amplitudes namely, QCD sum rules and lattice QCD input parameters. The obtained values for the 
decay rate for these two sets of data are approximately consistent with each other. Further improvements would be 
achieved by determining the next leading order QCD corrections to the nucleon distribution amplitudes. 
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Appendix A 

In this section, we present the explicit expressions for the form factors /i and / 2 . 



hm = 
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2/ 



(i- y )< + ^V + ^, 



(A2) 



(A3) 



and to = to(so, Q 2 ) is the solution of the equation s(to, Q 2 ) — so? an d is given as 



to(*o, Q ) ^ . 

In the above equations, we have used the short hand notations for the functions H±i at ±j bt . 
Hi are defined in terms of the distribution amplitudes as follows: 



(A4) 



+aHi ± bHj..., and 



Hi — Si 
H 3 = Pi 
H 5 = Vi 
H 7 = V 3 

Hg = 14,-3 

Hn = A 1 
H13 = A3 

T~tl5 = A, -4 

Hn = Ti 

Hig = T 7 

H21 = — 7 1 i,-5 + 2T" 8 

H 23 = ?V 8 



H 2 — Si, -2 

Hi = P1.-2 
Ha = Vi,-2,-3 

H S = -214,-5 + ^3,4 
W10 = — Vl, -2,-3,-4,-5,6 
H12 = — A, -2,3 

H14 = — 2A,-5 — A, 4 

Hid = A, _2, 3,4, -5, 6 

Wis = 71,2 — 2T 3 
H 2 o = 7i,-2 — 2T7 

W22 = 22,-3,-4,5,7,8 

W24 = — ^1,-2, -5, 6 + 2T7 jS 



(A5) 



where for any distribution amplitudes, X±^±j t 



±Xi ±Xj... are also used. 



